Context. We have recently investigated the origin of chemical signatures observed in Galactic halo stars by means of a stochastic chemical evolution model. We have found that rotating massive stars are a promising way to explain several signatures observed in these fossil stars. Aims. In the present paper we discuss how the extremely metal-poor halo star TYC 8442−1036−1, for which we have now obtained detailed abundances from VLT-UVES spectra, fits into the framework of our previous work. Methods. We apply a standard 1D LTE analysis to the spectrum of this star. We measure the abundances of 14 chemical elements; for Na, Mg, Ca, Sc, Ti, V, Cr, Mn, Fe, Ni and Zn we compute the abundances using equivalent widths; for C, Sr and Ba we obtain the abundances by means of synthetic spectra generated by MOOG. Results. We find an abundance of [Fe/H]= −3.5 ±0.13 dex based on our high resolution spectrum; this points to an iron content lower by a factor of three (0.5 dex) compared to the one obtained by a low resolution spectrum. The star has a [C/Fe] = 0.4 dex, and it is not carbon enhanced like most of the stars at this metallicity. Moreover, this star lies in the plane [Ba/Fe] vs. [Fe/H] in a relatively unusual position, shared by a few others galactic halo stars that is only marginally explained by our past results. Conclusions. The comparison of the model results with the chemical abundance characteristics of this group of stars can be improved if we consider in our model the presence of faint supernovae coupled with rotating massive stars. These results seem to imply that rotating massive stars and faint supernovae scenarios are complementary to each other, and are both required in order to match the observed chemistry of the earliest phases of the chemical enrichment of the Universe.
Introduction
The study of extremely metal-poor (EMP) stars is of fundamental importance to reveal the nucleosynthesis production of the first stars and how they formed, and more in general they can be of high value to understand the behaviour of all massive stars. Therefore, the last 20 years have seen incredible efforts by observers worldwide to measure these elusive, far and faint objects in the Galactic halo, from the pioneering studies of McWilliam et al. (1995) and Ryan et al. (1996) to a new generation of data with 8m telescopes as e.g. in Cayrel et al. (2004) and Aoki et al. (2005) , to the most recent works e.g. by Yong et al. (2013) and Roederer et al. (2014b) .
In our recent work, we have provided an interpretation to the presence in EMP stars of specific chemical signatures by means of stochastic chemical evolution models. Our results supported the scenario in which the first stars that exploded and polluted the pristine interstellar medium (ISM) were rotating faster than the present day massive stars. Stellar evolution codes coupled with nuclear reaction chains have shown that this rotation produces mixing in the interior of the stars. This mixing impacts the nucleosynthesis of light elements such as carbon, nitrogen and oxygen (Hirschi 2007; Meynet et al. 2006 ) and it also predicts the production of s-process elements (Pignatari et al. 2008; Frischknecht et al. 2012 Frischknecht et al. , 2016 . In this scenario in which the stars were fast rotating, chemical evolution models were able to explain several chemical anomalies observed in the early Universe: the almost Solar ratio of [N/O] and the increase and the spread in the [C/O] ratio (Chiappini et al. 2006) , the low 12 C/ 13 C ratios (Chiappini et al. 2008) , the spread present in the [C/O] and in the [N/O] ratios (Cescutti & Chiappini 2010) , the primary evolution of Be and B (Prantzos 2012) , the spread between light and heavy neutron capture elements (Cescutti et al. 2013 ).
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In Cescutti & Chiappini (2014) , we also predicted that in this scenario, EMP stars with a supersolar [Sr/Ba] ratio were expected to have a barium manly composed by even isotopes, clear signature of an s-process pollution by fast rotating massive stars. The observations that we present here, were granted in the context of the ESO proposal "Probing the sources of synthesis of neutron capture elements: Isotopic ratios of barium in halo stars", meant to verify this thesis. However, the metal-poor halo stars TYC 8442−1036−1 was a back-up target and it was selected on the criterium to be an (extremely) metal-poor star in the correct position in the sky, never observed with high-resolution spectroscopy and was observed due to bad weather conditions that prevented us to observe our main targets. TYC 8442−1036−1 was not a striking case among the 1777 bright (9 < B < 14) metal-poor candidates selected from the Hamburg/ESO Survey (HE 2220−4840) by Frebel et al. (2006) . Its iron content measured from analyses of mediumresolution follow-up spectroscopy was [Fe/H]= −2.91 dex, quite low but not so impressing in a survey that managed to find HE 1327−2326 -the most iron-poor star for almost a decade (Frebel et al. 2005) , only recently replaced in this record by SMSS J031300.36−670839.3 (Keller et al. 2014 ).
Nevertheless, our detailed abundance analysis presents surprises, among which the star is more metal-poor that what expected by the medium resolution results. The star presents also a [C/Fe] = 0.4 dex and therefore is not a carbon enhanced star, like most of the stars at this metallicity (Placco et al. 2014) ; actually, it looks more like a normal star similar to others studied by the First Stars collaboration (Cayrel et al. 2004; Spite et al. 2005 Spite et al. , 2006 . TYC 8442−1036−1 shows also chemical characteristics in the [Ba/Fe] vs [Fe/H] space that are just at the edge of predictions for our best model results in Cescutti & Chiappini (2014) . The case of TYC 8442−1036−1 is relative rare but not unique, in fact about other 20 stars are just marginally consistent with our previous modelling; moreover, few other stars (∼2−3) cannot be explained by our model. Among the uncertainties of this model, there is the scenario of the r-process events, which is the magneto-rotationally driven scenario in Cescutti & Chiappini (2014) . However, a similar outcome is obtained by assuming different scenarios for the r-process events, as in Cescutti et al. (2013) by adopting the electron-capture scenario and in Cescutti et al. (2015) by adopting the neutron stars merger scenario.
In the recent years, another scenario has been investigated to explain the characteristics of the EMP (and ultra metal-poor stars) of the halo. This new scenario does not refer to characteristics of the stars during their lives, but rather on their explosions (Cooke & Madau 2014) . In fact, they investigate the impact of a variations in the explosion energy of the primordial SNe, as suggested by Tominaga et al. (2007) in the scenario of the faint SNe. The faint SNe produce less Fe compared to normal SNe and impacting in the results of a stochastic chemical evolution model for the early Universe. We decide to investigate in this paper also this scenario to see the impact to the neutron capture elements, not considered in the previous studies, and to compare its results to the results provided by the scenario of rotating massive stars. Moreover, the different explosion energy does not impact the production of the studied chemical elements determined by fast rotation. Therefore, the two scenario can be complementary and we will show results in which the two scenarios are coupled; these results can represent a solution to the class of objects with chemical characteristics similar to TYC 8442−1036−1.
Observations and data reduction
The observations were performed using UVES high-resolution spectrograph (Dekker et al. 2000) in slit mode, mounted at the UT2 Kueyen Telescope at the ESO Paranal Observatory (Chile). We adopted the standard R530 setup (Red Arm only, Cross Disperser 3 and centered at 520 nm), covering the wavelength interval 4140-6210 Å, with a resolving power of R ∼100,000.
The spectrum was acquired on the night of 4th October 2014, adopting an exposure time of 20 minutes. The resulting spectrum has an average SNR of 100 (from 80 at 4200 Å to 150 at λ > 5500 Å ). Details of the observation are summarised in Table 1.
The spectrum was reduced using the ESO standard pipeline for UVES. The radial velocity (RV) was measured from the H-β line. The RV correction was applied using the standard IRAF package RVcorrect. The correction was confirmed by the subsequent comparison with the wavelengths of Fe and Ca lines.
Atmospheric parameters and abundances
We use stellar model atmospheres interpolated from the grid of one-dimensional MARCS models (Gustafsson et al. 2008 ) and performed the analysis using a recent version of the spectral line analysis code MOOG 1 . Effective temperatures (T eff ) and microturbulent velocities ( ξ t ) are derived by requiring that abundances derived from Fe I lines showed no trend with the excitation potential and line strength. The log(g) is derived by requiring that the Fe abundance derived from Fe I lines matched that derived from Fe II lines. This analysis technique is a standard analysis and very similar to the one adopted in Roederer et al. (2014a) . Our calculations assume local thermodynamical equilibrium (LTE). The reference Solar abundances used in this work are taken from Asplund et al. (2009) .
The line list adopted in this work has been created starting from the line adopted in Hill et al. (2002) , Roederer (2013) and Ural et al. (2015) supplemented by lines taken directly from VALD3 (Kupka et al. 2000) . The line list was constructed in order to avoid as much as possible blends with other atomic lines and molecular bands. The EW of the lines have been measured using the ARES (Automatic Routine for line Equivalent widths in stellar Spectra; Sousa et al. 2007 ). In Table . 1, we report the wavelengths, excitation energy of the lower energy level, oscillator strength and EW for the considered lines. A fraction of the considered lines has been measured using standard IRAF routine: no bias or significative differences between the automatically measured EWs and the ones determined with the automatic routine have been detected. The final atmospheric parameters derived are T eff = 4800K, log(g) = 1.71 dex and [Fe/H]= −3.50 dex with ξ t = 1.71 km s −1 . For some abundances in Table 2 the standard variation (σ ǫ , column 5) involving small numbers of lines (column 6) is implausibly small. Therefore, for the abundances measured with less than five lines we assume as random error (column 7) the largest standard variation obtained for the remaining abundances (0.11 dex for Fe II). The total error is obtained by quadratically adding this updated random error with the systematic error. To calculate the systematic errors, we have re-computed the abundances, varying the model atmosphere considering these uncertainties: ∆ T e f f ± 100K, ∆ log(g) ± 0.3 dex, ∆ [Fe/H] ±0.3 dex and ∆ ξ t ± 0.3 km s −1 . This method to calculate the systematic errors and the uncertainties adopted are based on the recent Yong et al. (2013) ; however similar method and values are used also in the work by Roederer et al. (2014a) . The quadratic sum of these variations is reported in Table 2.
We underline that the analysis performed in this work was made under the assumption of 1D LTE. Assuming LTE, means to imply that the energy distribution is performed only by particles collision. This assumption stops to be true close to the stellar surface (Bergemann & Nordlander 2014) . TYC 8442−1036−1 is a giant and extremely metal poor star and the non-LTE effects can be important in particular for Na, Mg and Fe. In Table 2, we report non-LTE corrections for these elements taken from literature, to give the reader an indication of the expected non-LTE effects. We find a variation up to +0.10 for Mg on two Mashonkina (2013) . We also note that we do not take into account the line at 4571Å for which the correction could have been higher (up to 0.3 dex). For an estime of the non-LTE correction of Na, we provide the corrections calculated by the online database INSPECT 2 ; the corrections for Na in this database are from Lind et al. (2011) . Finally, we expect a non-LTE corrections for our Fe I of 0.1 dex (0.2 dex at maximum), based on Lind et al. (2012) . The abundance of Fe II is expected to be not affected by the non-LTE corrections and its value is still compatible with the estimate value of Fe I with non-LTE corrections. The corrections for non-LTE effect can be important for Mn and Cr (Bergemann & Gehren 2008; Bergemann & Cescutti 2010) ; however, concerning Mn, recent results obtained by Sneden et al. (2015) can challenge the impact of non-LTE corrections. In Sect. 6 we present figures with the abundances of TYC 8442−1036−1 and other observational data taken from literature. In these figures, we use the abundances without non-LTE corrections, since considering these corrections will not alter our conclusions and most of the other data do not consider these corrections.
Abundances of C, Sr and Ba are derived using the spectral synthesis module of MOOG. The abundances of the elements are iteratively varied until the synthetic spectrum matched the observed one by visual inspection. The macro-turbulent broadening is determined using a Gaussian representing the combined effects of the instrumental profile, atmospheric turbulence, and stellar rotation. The width of this Gaussian is estimated during the spectrum synthesis fitting, and the abundances are thus (slightly) sensitive to the adopted broadening. The lines of Ba II are affected by hyperfine splitting and also by isotopic splitting. Therefore, the Ba abundances are computed assuming the McWilliam (1998) r-process isotopic composition and hyperfine splitting. We compare in Fig. 1 the differences arising in the shape of the synthetic line of Ba at 4554 Å when two different isotopic compositions are adopted: a solar compositions and a typical s-process composition. We note that the final abundance obtained from the lines 4554 Å and 4914 Å are about 0.4 dex lower taking the hyperfine splitting and isotopic splitting into account. On the contrary, the abundance calculated on the lines 6110 Å and 5883 Å are in good agreement with the abundances measured from their EWs. This was expected, given the lower impact of the splitting in the latter lines. Also for the measurement of Sr abundance we decide to use the synthetic analysis (see Fig. 2 ). The C abundance was measured in a similar way from analysis of the band of the A−X electronic transitions of the CH molecule. Fig. 3 shows a comparison of the synthetic spectrum with the data in the range 4303-4307 Å. The random abundance errors obtained with synthetic spectra (C, Sr and Ba) are assumed to be 0.2 dex; in fact, for the three analysed elements the observed spectrum is inside this variation of the synthetic spectrum (see Fig. 2 and 3) We also assume for the systematic errors of these abundance 0.12 dex, the maximum systematic error computed among the other elements, for a total error of 0.23 dex.
Chemical evolution model
The chemical evolution model used is the same as in Cescutti & Chiappini (2014) , which is based on the stochastic model developed in Cescutti (2008) , but with a different treatment of the gas flows, following the homogeneous model of Chiappini et al. (2008) . The halo is assumed to consist of many independent regions, each with the same typical volume, and each region does not interact with the others. Accordingly, the dimensions of the volume are expected to be large enough to allow us to neglect the interactions between different volumes, at least as a first approximation. For typical ISM densities, a supernova remnant becomes indistinguishable from the ISM -that is, it merges with the ISM -before reaching ∼ 50 pc (Thornton et al. 1998) ; therefore, we decided to have a typical volume with a radius of roughly 90 pc. The dimension of this volume is the same as in our previous works adopting a stochastic model for the Galactic halo (Cescutti 2008; Cescutti & Chiappini 2010; Cescutti et al. 2013; Cescutti & Chiappini 2014; Cescutti et al. 2015) . The number of assumed volumes to ensure a good statistics in our previous models was 100; however given the variation we implement here for the iron yields (see next section), the new models are based on the results of 1000 volumes. We did not use larger volumes because they would produce more homogeneous results; in fact, in larger volumes the model would predict more SNe events and a mixture of enrichments that would decrease the maximum spread possible for the set of yields used. Knowing the mass that is transformed into stars in a time step (hereafter, M new stars ), we assigned the mass to one star with a random function, weighted according to the initial mass function (IMF) of Scalo (1986) in the range between 0.1 and 100 M ⊙ . We then extracted the mass of another star and repeated this cycle until the total mass of newly formed stars exceeded M new stars . In this way, M new stars is the same in each region at each time step, but the total number and mass distribution of the stars are different. We thus know the mass of each star contained in each region, when it is born and when it will die, assuming the stellar lifetimes of Maeder & Meynet (1989) . At the end of its lifetime, each star enriches the ISM with its newly produced chemical elements and with the elements locked in that star when it was formed, excluding the fractions of the elements that are permanently locked in to the remnant. As shown in Cescutti et al. (2013) , our model is able to reproduce the MDF measured for the halo by Li et al. (2010) . This comparison shows that the timescale of enrichment A&A proofs: manuscript no. stellina_ref2 of the model is compatible with that of the halo stars in the Solar vicinity. Moreover, our model predicts a small spread for the α-elements Ca and Si, which is compatible with the observational data.
Modelling the nucleosynthesis

Stellar yields for Fe
Our goal is to explore the impact on the chemical evolution model of the scenario in which massive stars do not always explode as SNe II with a standard energy of 10 51 erg, but they also explode with fainter explosions, as observationally motivated by Moriya et al. (2010) .
At the present, the mechanism of explosion of SNe II in not fully understood (see Janka et al. 2012 ) as well as possible connection between mass and explosion energy for a SNe. Therefore, in the nucleosynthesis results, the explosions are not obtained from first principles, and they must be tuned in some way, typically given final kinetic energy of the ejecta or a given amount of Fe ejected (see Chieffi & Limongi 2013; Woosley & Weaver 1995; Nomoto et al. 2006 ).
In our model rather than stochastically select an explosion energy and calculate the Fe ejected, we vary directly the Fe ejected. In particular, we decide to assume for the production of iron in massive stars (8 -80M ⊙ ) a distribution of yields which goes from almost zero -10 −5 M ⊙ in the case of the faintest explosions -to 0.2 M ⊙ . In this range, any value has the same probability to be randomly chosen, so on average a massive star enriches the ISM with 0.1 M ⊙ of iron; in this way, the mean chemical evolution of Fe is preserved.
These assumptions are crude, but given the complexity connected to the process of the explosion of a SNe II, we decide to keep our assumptions as simple as possible. With this hypothesis, we can check in our stochastic model the impact of the presence of a distribution of energies from faint SNe to normal SNe. In Sect. 6, we show for comparison the results obtained in Cescutti & Chiappini (2014) , with our standard assumptions for Fe: the solar metallicity yields of Woosley & Weaver (1995) . In all models, we have considered the SNe Ia enrichment, as in Cescutti et al. (2006) .
Stellar yields for C
For carbon, we present the results with two set of yields for the massive stars and low-intermediate mass stars. We have chosen these sets to visualize the difference between the carbon production in rotating and non-rotating stellar evolution models:
-rotating yields, the set of yields of the model a described in Cescutti & Chiappini (2010) , based on the yields by Meynet & Maeder (2002) for z ≥ 10 −5 , and on the total yields by Hirschi (2007) for z = 10 −8 . For low-intermediate mass stars, we adopt the stellar yields by Meynet & Maeder (2002) .
-non-rotating yields, the carbon yields calculated by Woosley & Weaver (1995) , which is a set of yields frequently adopted in chemical evolution studies, but without rotation. For the low-intermediate mass stars we assume the yields by van den Hoek & Groenewegen (1997) .
The two set of yields for carbon do not originate from the same group and/or stellar evolution code, so it is possible that also systematic effects produce differences between them and not only the rotation. Nevertheless, we confirm that yields from the Geneve group without rotation produce less carbon compared to the rotating yields, similarly to non-rotating yields assumed here.
Stellar yields for Ba and Sr
For barium and strontium, we use for all the models with rotating massive stars the nucleosynthesis of the MRD+s B2 model described in Cescutti & Chiappini (2014) . These elements can be produced in this model by both the s-process and the r-process in massive stars. The assumed r-process scenario follows the idea described in Winteler et al. (2012) and recently confirmed by Nishimura et al. (2015) , where a small percentage of massive stars end their lives as magneto-rotationally driven (MRD) SNe.
To implement this scenario into our chemical evolution model, we randomly select 10% of all the simulated massive stars and we assume that these massive stars generate an r-process event at the end of their lives. We have no prediction of the ejected mass in each r-process event. On these grounds, we assume that the MRD scenario produces the same amount of Ba in a stellar generation as the EC+s model (Cescutti et al. 2013 ); these empirical yields were obtained as the simplest array able to reproduce the observed trend in Galactic halo star of increasing [Ba/Fe] with metallicity. In this scenario, we take also into account the possibility that the amount of r-process material ejected is not constant (for details on the variation see Cescutti & Chiappini 2014) . The presence or absence of rotation does not influence the r-process production in our set of yields. The contribution by the s-process in rotating massive stars is assumed as in the fsmodel of Cescutti et al. (2013) , where we considered the stellar yields obtained by Frischknecht et al. (2012) . The barium and strontium produced by the s-process is only barely affected by the SNe II explosion, and therefore it is relatively safe to consider a variation of iron without changing these yields. It may be not the case for the Ba r-process production, and we comment on this in the Section 6. In the non-rotating model there is no s-process production of Ba and Sr from rotating massive stars. However, in all the models, we consider the s-process contribution from stars in the mass range 1.3-3 M ⊙ , by implementing the yields by Cristallo et al. (2009 Cristallo et al. ( , 2011 . We underline that this production channel affects the model results only at moderate metallicity ([Fe/H] ∼ −1.5 dex).
Results
Results for Ba
In Fig. 4 massive stars and the presence of faint SNe ("faint SNe scenario"). The nucleosynthesis yields are summarised in Table 3 . We compare our models to the star analysed here and to a collection of observational data.
The "spinstars scenario" (that is the same model for Ba as the model "MDR+s B2" realised in Cescutti & Chiappini 2014) is quite successful, because in the space [Ba/Fe] vs. [Fe/H], the density of its simulated long-living stars is matching most of the stars observed in the halo. However, a certain number of objects at extremely low metallicity and low [Ba/Fe] are positioned where the model predicts a null density of stars. It was also unable to explain stars at [Fe/H] ∼ −3.5 dex at [Ba/Fe] ∼ −0.5 dex. In particular also the star we have characterised here is found in this area.
On the other hand, in events, whereas in the case of neutron-stars merger scenario, it should be applied to at least one of the two massive progenitor stars. In the model "faint SNe scenario", we do not consider production of s-process by massive stars. The results of this model are only marginally consistent with the abundances measured in TYC 8442−1036−1. Considering non-LTE corrections for our star will increase its agreement with the "faint SNe scenario"; however, this model still fails to reproduce the stars located in the band at lower [Ba/Fe] in the results of the "spinning faint scenario".
Results for [Sr/Ba]
We present in the Fig.5 , the results of the three models for [Sr/Ba] vs. [Fe/H] . Similarly to the [Ba/Fe] case in the previous section, the"spinstars scenario" model is really successful, because in the space [Sr/Ba] vs. [Fe/H], the density of its simulated long-living stars can recover most of the stars observed in the halo. Still, a certain number of objects are located at extremely low metallicity where this model predicts a null density of stars. Again this issue is improved, once we adopted also a variation of yield for the iron, as in the case of of "spinning faint scenario" .
The Fig. 5 also explained why the spinstars s-process contribution is essential. Indeed the "faint SNe scenario" -without this contribution -cannot reproduce a large fraction of abundances observed in Galactic stars. We note that in this figure there is also fraction of stars that is compatible with none of the scenarios investigated here. These outliers are located below the [Sr/Ba] ratio assumed for the r-process events and cannot be reproduced, being also the s-process produced by the spinstars with a [Sr/Ba]>0. However, their fraction is small and in the [Sr/Ba] plot the errors of both chemical element abundances should be considered; therefore a substantial fraction of them is still compatible within the errors to the results and TYC 8442−1036−1 is in this group. Finally,the CEMP-no stars in this group could be originated in a binary system, therefore they show a mild enhancement due to the pollution of s-process material from the companion star. If this possible scenario is taken into account only two EMP stars are outliers compared to our models which is an excellent results.
Results for C
Going towards extremely low metallicity, an increasing fraction of stars are carbon-rich and belong to the category of the CEMPno stars 3 . However, the star we have analysed does not belong to this category, being only slightly carbon enhanced. Therefore, Fig. 6 . In this figure again the density plot represents the results for the "spinning faint SNe scenario", whereas the contour plot with dashed line shows the results of the "spinstars scenario" where SNe II produce a fixed amount of iron. The solid line contour plot represents the results assuming non-rotating yields for carbon (see Table 3 for details), and in this model ("faint SNe scenario") we consider a variation in iron yields.
The low production of iron by faint SNe produces a rise in the [C/Fe] ratio towards low metallicity, and this trend is common in both models that consider faint SNe ("spinning faint SNe scenario" and "faint SNe scenario") with and without rotation. However, the model with rotation predicts a density distribution of stars with a [C/Fe] ratio about 1 dex higher compared to the non-rotating yields for [Fe/H] < −3 dex.
The higher production of carbon in the yields with rotation improve the agreement between the model and the data. In fact, a substantial number of Galactic stars is inside the predictions of the faint spinstars model for −3 < [Fe/H]< −4 dex and [C/Fe]∼1 dex, and outside the predictions of the model assuming yields without rotation. The chemical enrichment of the star measured here, is consistent with both rotation and non-rotational models. We also note that the model with rotation cannot explain a fraction of stars with lower ratio of [C/Fe] that are possible to be reproduced in the model without rotation. This could show a fact that is expected: a distribution of rotational velocities among the massive stars. We underline that it will be also possible in the near future to investigate the most likely distribution of stellar rotation for these low-metallicity massive stars with a set of nucleosynthesis computations where yields for different rotational velocity are provided. In comparison with the "spinning faint SNe scenario" the model with fixed amount of iron produced by SNe II ("spinstars scenario", dashed contour) cannot reproduce the data for [Fe/H]< −4 dex. Moreover, a not negligible fraction of stars is located just inside the upper edge of the contour for −4<[Fe/H]< −3, where the results of the model predict a very low density of long living stars; therefore the model is not fully consistent with the data.
The spinning faint SNe model cannot be considered an exhaustive explanation for the CEMP-no stars. A not negligible fraction of the observed CEMP-no stars present a [C/Fe] not compatible with the predictions of the model. The carbon present in these objects is in some case more than 1 dex compared to the spinning faint SNe model results. This class of objects has also been identified in Cooke & Madau (2014) , and called "super CEMP".
It is likely that the carbon present (at least) in this class of CEMP-no stars was not well mixed in the ISM, before being locked in these low-mass stars. In Meynet et al. (2010) , the chemical signatures present in the three most iron-poor stars A&A proofs: manuscript no. stellina_ref2 known (at that time), 4 which are also CEMP-no stars, were explained assuming that these stars were formed (almost) entirely by stellar winds of rotating massive stars. In this scenario the [C/Fe] of these stars can be strongly enhanced compared to the results of a standard chemical model, where the stellar enrichment is well mixed with the ISM before forming new stars. In our plots, these stars are present, they belong to the category of stars that lay above our model predictions and are the first three data points starting approximately at [Fe/H]= −6 dex. The presence of this class of "super CEMP", was already noted in Cescutti & Chiappini (2010) , where we could not reconcile our models with a large fraction of the CEMP-no (known at that time). Recently, it was also underlined by Maeder & Meynet (2015) that different sub-classes of CEMP-no stars should be considered in the context of formation by stellar winds. They are probably determined by different degrees of internal mixing during stellar evolution. It will be possible to take all these differences into account only when models with nucleosynthesis covering a broad range of stellar masses, initial metallicities, and CNO ratios, rotational velocities, and mass loss rates will be available. Therefore, it is not surprising that in the context of a chemical evolution model, where only full mixing with the ISM is considered and just a grid of models for two velocities are available, we cannot fully explain all the CEMP-no stars.
Another possible explanation is that at least a fraction of these CEMP-no stars are the secondary in a binary system. In this scenario, the star presents the pristine composition polluted by AGB material of the primary star. This is the same scenario that is favorite for the CEMP-s, and in this case the absence of strong enrichment of barium can be explained in the framework of classical theoretical yields for AGB stars; the very low-metallicity reduces the barium production and enhances the production of the lead (Cristallo et al. 2011) . It is also possible that the evolution of low-mass star is quite different at extremely-low metallicity and it can suppress the s-process production (Fujimoto et al. 2000; Komiya et al. 2007) . As found in Cooke & Madau (2014) , at least 3 out of 5 the stars of this group show evidence to be binary (Starkenburg et al. 2014) ; however, very recently Hansen et al. (2015b) found no compelling relation between binarity and carbon enhancement.
Given the complexity of the observational data, we have shown that the spinning faint SNe model has successfully recovered the main trend of the data. In fact, the star studied here and a substantial fraction of extremely metal-poor (CEMP-no and normal) stars can be formed in the framework of normal chemical evolution, if we couple the fast-rotating yields and the presence of faint SNe. Moreover, for elements that are not expected to be ejected by stellar winds, as Ba, we have shown that basically all the observational data available are compatible with the predictions of the spinning faint SNe model.
Conclusions
We have measured from a high-resolution spectrum 13 chemical elements for TYC 8442−1036−1, a metal-poor star of the Galactic halo. This star belongs to the rare class of EMP stars with [Fe/H] = −3.5±0.13 dex, 0.5 dex lower than what previously determined with a medium resolution spectrum. At this metallicity, most of the stars in the Galactic halo have a [C/Fe] > 0.7 dex and belong to the class of the CEMP-no stars. This is not the case for our star which shows just mild overabundance of carbon ([C/Fe] = 0.4 dex ). We have also measured with particular attention its [Ba/Fe] ratio, and we find a low abundance of about [Ba/Fe] = −0.4 dex. This particular abundance pattern was not explained by our previous models for neutron capture elements in the Galactic halo. In our previous work (Cescutti et al. 2013; Cescutti & Chiappini 2014) , we showed that an r-process component and the spinstars contribution of s-process can account for most of the data in literature. We decide thus to include also a variation on the iron yields mimicking the production of iron by faint SNe. The final model, that we call spinning faint SNe, is able to explain the presence also of the most extreme stars in the [Ba/Fe] ratio vs. [Fe/H] space. The comparison of the model with the observational data also indicates that the rprocess events are not linked to faint SNe events. Since most of the stars at such a low metallicity appear to be quite enhanced in carbon, we decided to show also the results of our model in the [C/Fe] ratio vs. [Fe/H] space. We find that the model is able to explain the chemistry of TYC 8442−1036−1 and also to recover a large fraction of the CEMP-no stars. However, a not negligible fraction still remains not explicable. A scenario to explain these super CEMP-no stars is that these stars have been formed (almost) entirely from the material ejected through winds by fast rotating massive stars (Meynet et al. 2010; Maeder & Meynet 2015) .
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